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[Title of the Invention] METHOD FOR PRODUCING LIQUID 

CRYSTAL DISPLAY PANEL 
[Abstract] 

[Object] To prevent a sealing failure by uniformly 
distributing spacers over the entire part of a liquid 
crystal panel at the time of sealing liquid crystals between 
substrates by a vacuum dropping method in the process for 
producing the liquid crystal display panel formed by 
dropping a liquid crystal material between the substrates 
and sealing the liquid crystal material between the 
substrates facing each other. 

[Solving Means] The maximum diameter of the spacers 5 
adhered and fixed between a pair of the substrates 1 and 4 
is smaller by at least 0.2 to 0.6 than the thickness of 
the liquid crystal layer held between the substrates 1 and 4. 
The spacers 5 are coated with adhesives and the viscosity of 
the sealing material 2 for sealing the liquid crystals is 
specified to at least 50000 cps . 

[Claims] 

[Claim 1] A method for producing a liquid crystal display 
panel comprising: 

coating a sealing material on an electrode forming 
surface of at least one of a pair of substrates in a frame 
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shape; 

adhering and fixing particles having diameters smaller 
by 0.2 to 0.6 jum or 4-12% than the thickness of a liquid 
crystal layer held between the substrates on an electrode 
forming surface of the other of the pair of the substrates; 

dropping a liquid crystal material on the electrode 
forming surface surrounded by the sealing material; and 

overlapping the electrode forming surfaces of the 
substrates to be opposite to each other under a reduced 
pressure and diffusing the liquid crystal material to form 
the liquid crystal layer between the pair of the substrates. 

[Claim 2] The method according to Claim 1, wherein the 
particles are coated with an adhesive and fixed on the 
electrode forming surface. 

[Claim 3] A method for producing a liquid crystal display 
panel comprising: 

coating a sealing material having viscosity of 50,000 
cp on an electrode forming surface of at least one of a pair 
of substrates in a frame shape; 

dropping a liquid crystal material on the electrode 
forming surface surrounded by the sealing material; and 

overlapping the electrode forming surfaces of the 
substrates to be opposite to each other under a reduced 
pressure and diffusing the liquid crystal material to form . 
the liquid crystal layer between the pair of the substrates. 
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[Claim 4] A method for producing a liquid crystal display 
panel comprising: 

coating at least doubly frames consisting of a sealing 
material on an electrode forming surface of at least one of 
a pair of substrates; 

dropping a liquid crystal material in the most inner 
frame of the sealing material on the electrode forming 
surface of the substrates; and 

overlapping the electrode forming surfaces of the 
substrates to be opposite to each other under a reduced 
pressure and diffusing the liquid crystal material to form 
the liquid crystal layer between the pair of the substrates. 

[Claim 5] The method according to Claim 4, wherein, after 
sealing the liquid crystal material, at least one of the 
pair of the substrates is cut while leaving at least most 
inner one of the frames consisting of the sealing material. 

[Claim 6] A method for producing a liquid crystal display 
panel comprising: 

coating a frame consisting of a photo-curing type 
sealing material on an electrode forming surface of at least 
one of a pair of substrates, disposing a light shielding 
means at the vicinity of the inner side of the frame, and 
dropping a liquid crystal material on the electrode forming 
surface surrounded by the sealing material; and 

overlapping the electrode forming surfaces of the 
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substrates to be opposite to each other under a reduced 
pressure; and 

irradiating light onto the sealing material to cure the 
sealing material. 

[Claim 7] The method according to Claim 1, 3, 4, or 6, 
wherein the liquid crystal material drops using a liquid 
crystal material container having a constant pressure and 
having a liquid crystal supplying hole at the lower side 
thereof, and a dispenser disposed in the liquid crystal 
material container and having a needle for switching the 
liquid crystal supplying hole. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to a method for producing 
a liquid crystal display panel, and more particularly, to a 
method for producing a liquid crystal display panel for 
dropping a liquid crystal material on a substrate and 
sealing the liquid crystal material between the substrates 
facing each other. 
[0002] 

[Description of the Related Art] 

A liquid crystal display device has been widely used as 
a display device, because it has a small thickness, light 
weight, and low power consumption. A liquid crystal panel 
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for displaying a character or an image is a main part of the 
liquid crystal display device and has a first substrate 
having a transparent electrode formed thereon, a second 
substrate having a driving circuit such as a TFT formed 
thereon, and a liquid crystal material filled between the 
substrates . 
[0003] 

As a method for sealing the liquid crystal between a 
pair of the substrates, for example, there is a vacuum 
injecting method or a vacuum dropping method. The vacuum 
injecting method includes forming an empty cell by 
overlapping two substrates through a frame-shaped sealing 
member having an opening formed at a portion thereof at a 
predetermined interval, putting the empty cell into a 
chamber and reducing inner pressure of the chamber, 
immersing the opening of the empty cell in a liquid crystal 
material, and introducing nitrogen into the chamber and 
increasing the inner pressure of the chamber. Thereby, the 
liquid crystal material is absorbed into the empty cell by 
the difference between the inner pressures of the chamber 
and the empty cell to fill the liquid crystal material in 
the empty cell. For example, this method is disclosed in 
Japanese Unexamined Patent Application Publication No. 62- 
89025. 

[0004] 
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However, in this method, it takes much time to make the 
inside of the chamber to the vacuum state in case of a 
large-sized liquid crystal panel. Also, an amount of the 
liquid crystal materials must be required for immersing the 
empty cell, the producing cost increases. Further, it takes 
much time and effort to seal the opening after filling the 
liquid crystal or to clean the liquid crystal adhered to the 
vicinity of the opening. On the contrary, the vacuum 
dropping method has many merits. Fig. 6 is a perspective 
view schematically illustrating a process for sealing a 
liquid crystal in a vacuum dropping method, and Figs. 6(a)- 
(c) illustrate the steps, respectively. 

[0005] 

In Fig. 6(a), a sealing material 22 consisting of 
photo-curing type resin is adhered on a first substrate 21 
having a pixel electrode, a TFT device, and an alignment 
film formed thereon in a frame shape. Also, a liquid 
crystal 23 drops on the inner side of the frame of the 
sealing material 22. Further, a transparent electrode and 
an alignment film are formed on a second substrate 24. The 
transparent electrode forming surface of the second 
substrate 24 faces the pixel electrode forming surface of 
the first substrate 21. Spacers (not shown) are uniformly 
distributed on the alignment film of the second substrate 24. 
These spacers are spherical particles having a diameter of 
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several and consisting of resin, and are used for 

equalizing the gap between the substrates 21 and 24 over the 
entire panel when adhering the first and second substrate 21 
and 24 to each other. 
[0006] 

Next, as shown in Fig. 6(b), the first substrate 21 on 
which the liquid crystal 23 is disposed and the second 
substrate 24 to which the spacers are adhered overlap with 
each other in the vacuum state. Further, when the sealing 
material 22 contacts with the second substrate 24 to form a 
closed space between the first and second substrates 21 and 
24 by the sealing member 22, if the vacuum state is changed 
to the atmospheric pressure state, the first and second 
substrates 21 and 24 are attracted to each other by the 
pressure difference between the inside and the outside of 
the cell. At this time, as the interval between the first 
and second substrate 21 and 24 becomes narrow, the liquid 
crystal 23 is radially diffused into a horizontal direction 
between the first and second substrates 21 and 24. 
[0007] 

Thereby, as shown in Fig. 6(c), the liquid crystal 23 
is completely filled in the frame of the sealing material 22 
between the first and second substrate 21 and 24 . In this 
step, the gap between the first and second substrates 21 and 
24 is equalized over the entire panel by the spacers. Also, 
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at this time, a repositioning process for precisely 
positioning the locations of the first and second substrates 
21 and 24 to a pixel level is performed. This is performed 
by moving the first substrate 21 or the second substrate .24 
in the horizontal direction. If the repositioning process 
is finished, ultraviolet rays are irradiated onto the 
sealing material 22 to cure the sealing material 22 and thus 
the process of sealing the liquid crystal is completed. 
[0008] 

[Problems to be Solved by the Invention] 

However, this method has the following problems. First, 
when dropping the liquid crystal on one substrate and 
adhering two substrates, the liquid crystal rapidly flows 
between the two substrates. Thereby, the spacers which were 
uniformly adhered are radially diffused from the center of 
the panel by the rapid flow of the liquid crystal and then 
are distributed in a ring shape or are collected at the 
vicinity of the sealing material of the end of the panel. 
If the spacers are unevenly distributed, the performance of 
the liquid crystal panel may be deteriorated. 
[0009] 

Furthermore, the spacer and the substrate surface may 
very strongly contact with each other according to the 
relationship between the diameter of the spacer and the 
thickness of the gap between the substrates. Thereby, when 
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moving the substrate in order to reposition the substrates, 
the alignment film or the electrode file is damaged or the 
substrate is blocked from being moved by the spacers. Also, 
filling the liquid crystal in the cell between the 
substrates is performed using the pressure difference 
between the inside and the outside of the frame of the 
sealing member. However, since the sealing member is not 
cured at the filling time, the sealing member is cracked by 
the pressure and thus the sealing failure may occur. 
[0010] 

Fig. 7 shows a liquid crystal display panel in which 
the sealing failure occurs. As shown, two kinds of cracks 
22a and 22b are generated in the sealing member 22 disposed 
between the first and second substrates 21 and 24. The 
crack 22a is generated by the atmospheric pressure acting on 
the inside from the outside of the frame of the sealing 
member 22 when the inside of the frame of the sealing member 
22 is in the vacuum state. The crack 22b may be generated 
due to the compatibility between the liquid crystal and the 
sealing material or the pressure of the liquid crystal 
material 23 acting on the outside from the inside of the 
frame 22. If the cracks 22a and 22b are generated in the 
sealing material 22, the liquid crystal material leaks from 
the cell or air is introduced into the cell, and thus the 
display characteristics of the liquid crystal display panel 
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are deteriorated. 
[0011] 

Moreover, contamination of the liquid crystal affects 
the display performance of the liquid crystal display panel. 
The contamination of the liquid crystal can be obtained by 
measuring a voltage holding ratio between the opposite 
electrodes sandwiching the liquid crystal therebetween. As 
the voltage holding ratio increases, capability for holding 
a potential difference between the opposite electrodes 
increases. Thus, capability for driving the liquid crystal 
increases. Fig. 8 is a graph of measuring the change of the 
voltage holding ratio over the irradiating time of 
ultraviolet rays for curing the sealing member at the center 
and end of the liquid crystal display panel. In this graph, 
a vertical axis represents an ultraviolet ray irradiating 
time and a vertical axis represents a voltage holding ratio 
of the liquid crystal. Also, a line A represents the result 
obtained at the center of the display panel and a line B 
represents the result obtained at the vicinity of the 
sealing member of the display panel. As can be seen from 
this graph, the voltage holding ratio of the liquid crystal 
at the center of the liquid crystal display panel is not 
substantially changed, but the voltage holding ratio of the 
liquid crystal at the vicinity of the sealing member of the 
liquid crystal display panel is deteriorated over the 
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ultraviolet ray irradiating time. Also, the ultraviolet ray 
irradiating condition was in the range of the condition 
which is recommended by a maker. 
[0012] 

This is because, when the ultraviolet rays are 
irradiated to the liquid crystal at the vicinity of the 
sealing member, the liquid crystal and the sealing member 
react to each other and the reaction product melts in the 
liquid crystal to contaminate the liquid crystal. The 
contamination of the liquid crystal occurs at the vicinity 
of the sealing member and then is diffused over the time to 
deteriorate the performance of the entire liquid crystal 
display panel. The present invention is to solve the above- 
mentioned problems and an object of the present invention is 
to provide a method for producing a liquid crystal display 
panel which can enhance the display performance of a liquid 
crystal display panel, prevent the substrate surface from 
being damaged by the spacers, and easily move the substrate 
to reposition the substrates by uniformly distributing 
spacers over the entire part of a liquid crystal panel when 
sealing the liquid crystal between substrates by a vacuum 
dropping method. 
[0013] 

Further, another object of the present invention is to 
provide a liquid crystal display panel which can prevent the 
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sealing failure due to the crack of the sealing member and 
enhance the yield of the liquid crystal display panel. Also, 
another object of the present invention is to provide a 
liquid crystal display panel which can reduce the 
contamination of the liquid crystal generated by irradiating 
ultraviolet rays for curing the sealing member and enhance 
the display performance of the liquid crystal display panel. 
[0014] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, there 
is provided a method for producing a liquid crystal display 
panel comprising: coating a sealing material 2 on an 
electrode forming surface of at least one of a pair of 
substrates 1 and 4 in a frame shape; adhering and fixing 
particles 5 having diameters smaller by 0.2 to 0.6 |um or 4- 
12% than the thickness of a liquid crystal layer held 
between the substrates 1 and 4 on an electrode forming 
surface of the other of the pair of the substrates 1 and 4; 
dropping a liquid crystal material 3 on the electrode 
forming surface surrounded by the sealing material 2; and 
overlapping the electrode forming surfaces of the substrates 
1 and 4 to be opposite to each other under a reduced 
pressure and diffusing the liquid crystal material 3 to form 
the liquid crystal layer between the pair of the substrates 
1 and 4, as shown in Fig. 1. 
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[0015] 

The particles are coated with an adhesive and fixed on 
the electrode forming surface. Also, there is provided a 
method for producing a liquid crystal display panel 
comprising: coating a sealing material 2 having viscosity of 
50,000 cp on an electrode forming surface of at least one of 
a pair of substrates 1 and 4 in a frame shape; dropping a 
liquid crystal material 3 on the electrode forming surface 
surrounded by the sealing material 2; and overlapping the 
electrode forming surfaces of the substrates 1 and 4 to be 
opposite to each other under a reduced pressure and 
diffusing the liquid crystal material 3 to form the liquid 
crystal layer between the pair of the substrates 1 and 4 . 

[0016] 

Further, there is provided a method for producing a 
liquid crystal display panel comprising: 

coating at least doubly frames 2a and 2b consisting of 
a sealing material 21 on an electrode forming surface of at 
least one of a pair of substrates 1 and 4; 

dropping a liquid crystal material 3 in the most inner 
frame 2a of the sealing material on the electrode forming 
surface of the substrates 1 and 4; and 

overlapping the electrode forming surfaces of the 
substrates 1 and 4 to be opposite to each other, under a 
reduced pressure and diffusing the liquid crystal material 3 
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to form the liquid crystal layer between the pair of the 
substrates 1 and 4 . 
[0017] 

After sealing the liquid crystal material 3, at least 
one of the pair of the substrates 1 and 4 is cut while 
leaving at least most inner one of the frames 2a and 2b 
consisting of the sealing material. As shown in Figs. 1 and 
3, there is provided a method for producing a liquid crystal 
display panel comprising: coating a frame consisting of a 
photo-curing type sealing material 2 on an electrode forming 
surface of at least one of a pair of substrates 1 and 4, 
disposing a light shielding means 8 at the vicinity of the 
inner side of the frame, and dropping a liquid crystal 
material 3 on the electrode forming surface surrounded by 
the sealing material 2; and overlapping the electrode 
forming surfaces of the substrates 1 and 4 to be opposite to 
each other under a reduced pressure; and irradiating light 
onto the sealing material 2 to cure the sealing material 2. 

[0018] 

As shown in Fig. 2(a), the liquid crystal material 3 
drops using a liquid crystal material container 11 having a 
constant pressure and having a liquid crystal supplying hole 

13 at the lower side thereof, and a dispenser disposed in 
the liquid crystal material container 11 and having a needle 

14 for switching the liquid crystal supplying hole 13. 
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[0019] 
[Operation] 

According to the present invention, by adhering and 
fixing particles having diameters smaller by 0.2 to 0.6 um 
or 4-12% than the thickness of a liquid crystal layer held 
between a pair of the substrates and covered with adhesives 
to one substrate, the substrate can be moved without 
damaging the inner surface of the substrate. This was 
experimentally confirmed. 
[0020] 

Also, by forming a frame of a sealing material on an 
electrode forming surface of the substrate, adhering 
particles having adhesives to the inside of the opposite 
substrate, dropping a liquid crystal in the frame of the 
sealing material, and sealing a liquid crystal under the 
reduced pressure, the particles can be surely adhered to the 
substrate. Accordingly, the particles are prevented from 
being unevenly distributed by the rapid liquid crystal flow 
when filling the liquid crystal between the substrates and 
thus the uniformity of the liquid crystal thickness between 
the substrates in the panel surface can increase. 
Particularly, since the particle having the above-mentioned 
diameter is apt to flow, the particle must be covered with 
an adhesive. 
[0021] 
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Furthermore, by adhering the sealing material having 
viscosity of at least 50,000 cp on the electrode forming 
surface of the substrate in a frame shape, dropping the 
liquid crystal in the frame, and sealing the liquid crystal 
under reduced pressure, the sealing material can be 
prevented from being damaged and thus the sealing failure of 
the sealing material when filling the liquid crystal between 
the substrates can be reduced. Also, by forming at least 
doubly the frame of the sealing material on the electrode 
forming surface of the substrate along the substrate plane 
direction, dropping the liquid crystal in the most inner 
side of the frame, and sealing the liquid crystal under the 
reduced pressure, the pressure difference between the inside 
and the outside of the sealing material when filling the 
liquid crystal is reduced and thus the sealing failure can 
be reduced. In addition, by removing the substrate while 
leaving at least most inner side of the frames of the 
sealing material, necessary sealing frame is removed and the 
liquid crystal display panel is simplified. 
[0022] 

Moreover, by providing the light shielding means at the 
vicinity of the inside of the frame of a photo-curing type 
sealing material adhered to the electrode forming surface of 
the substrate, dropping and filling the liquid crystal 
material in the sealing material, and irradiating 
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ultraviolet ray to cure the sealing material, the 
contamination of the liquid crystal generated by the 
reaction of the liquid crystal and the sealing material by 
the ultraviolet rays can be prevented. Thereby, the display 
performance of the liquid crystal display panel can be 
enhanced. 

[0023] 

In the present invention, the liquid crystal material 
drops using a dispenser switched by a needle. Thereby, it 
is experimentally confirmed that the dropping amount can 
become uniform and the reproducibility can be enhanced. 
[0024] 
[Embodiments] 

Hereinafter, embodiments of the present invention will 
be illustrated with reference to the attached drawings. 
(First Embodiment) 

Figs. 1(a) to 1(e) are cross-sectional views 
schematically illustrating a method for producing a liquid 
crystal display panel according to an embodiment of the 
present invention. 

[0025] 

As shown, a first substrate 1 consists of, for example, 
glass. Actually, on one surface of the first substrate 1, a 
transparent electrode such as ITO or an alignment film is 
formed, a circuit such as a TFT device or a bus line is 
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patterned, and a liquid crystal is supplied onto the TFT 
device. However, for clarity, the transparent electrode and 
the TFT device are not shown. First, as shown in Fig. 1(a), 
a sealing material 2 consisting of ultraviolet-rays-curing 
type resin is formed on an electrode forming surface of the 
first substrate 1 in a frame shape and a predetermined 
amount of liquid crystals 3 drop at the inside of the frame 
of the sealing material 2 using a conventional method. The 
surface of the first substrate 1 on which the liquid 
crystals 3 are provided is opposite to the surface of the 
second substrate 4 to which spacers 5 are adhered. 
[0026] 

The second substrate consists of a transparent material 
such as glass or quartz. Also, on the surface of the second 
substrate 2 which is opposite to the first substrate 1, a 
black matrix, a color filter, a common transparent electrode, 
and an alignment film are formed in this order, but are 
omitted for clarity. Next, the sealing material and the 
spacers employed in the present invention will be described. 

[0027] 

(Sealing Material) 

The sealing material 2 is, for example, UV-curing type, 
is used as an adhesive of the first and second substrates 1 
and 4 in the following process, and defines the space for 
filling the liquid crystal 3 between the substrates. The 
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sealing material having adequate viscosity must be selected 
so that the sealing failure of the sealing material 2 does 
not occurs by the pressure difference between the inside and 
the outside of the cell when filling the liquid crystal 3. 
[0028] 



Table 1 



Viscosity of 
sealing material 
(cp) 


10, 000 


20,000 


50, 000 


100,000 


Sealing failure 
ratio (%) 


40 


80 


2 


0 



[0029] 



Table 1 represents the relationship between the 
viscosity of the sealing material and the sealing failure 
ratio. As can be seen from Table 1, if the viscosity of the 
sealing material is less than 20,000 cp, the sealing failure 
ratio is very high, and, if the viscosity is greater than 
50,000 cp, the sealing failure ratio is very low. 
Accordingly, it is preferable that a material having the 
viscosity of at least 50,000 cp is used as the sealing 
material 2. 

[0030] 

(Spacer) 

The spacers 5 are uniformly distributed and attached on 
the alignment film (not shown) of the second substrate 4. 
The spacers 5 are particles having uniform size and are 
composed of spherical plastic. The diameter of the spacers 
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5 must be determined so that the thickness of the liquid 
crystal layer held between the substrates is uniform over 
the entire panel when the first and second substrates 1 and 
4 are adhered by the sealing material 2. Also, the diameter 
of the spacers 5 must be determined so that the substrates 
are prevented from being moved when repositioning the first 
and second substrates 1 and 4. 
[0031] 



Table 2 



Thickness 
of liquid 
crystal 
(um) 


4.8 


5.0 


5.2 


5.4 


5.6 


5.8 


Movement 
of 

substrate 


Not 
allowable 


Not 
allowable 


allowable 


allowable 


allowable 


allowable 


Deviation 
of the 
liquid 
crystal 
thickness 
(um) 


±0.1 


±0.1 


±0.1 


±0.1 


±0.1 


±0.15 



[0032] 



Table 2 represents how the difference between the 
thickness of the liquid crystal and the diameter of the 
spacer are related to the movement of the substrate and the 
deviation of the liquid crystal thickness. The deviation of 
the liquid crystal thickness represents the error of the 
thickness of the liquid crystal layer which is actually 
formed between the substrates. Here, in case that the 
spacers 5 having a diameter of 5 um is used and the 
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thicknesses of the liquid crystal layers of the first and 
second substrates 1 and 4 are different from each other, the 
movement of the substrate due to the repositioning of the 
substrates and the deviation of the liquid crystal thickness 
in the entire panel are shown. Here, an experiment of 
moving the substrates was performed by fixing one substrate 
with a vacuum zipper, fixing the other substrate with the 
other vacuum zipper, and applying a force of 500 Kg in a 
horizontal direction. 
[0033] 

As can be seen from Table 2, if the thickness of the 
liquid crystal is less than 5.0 urn, that is, is equal to or 
less than the diameter of the spacer, the substrate can not 
move. On the contrary, if the thickness of the liquid 
crystal is greater than 5.2 urn, the substrate can move. 
Also, if the thickness of the liquid crystal is greater than 
5.8 urn, the deviation of the liquid crystal thickness 
increases, and, if the thickness of the liquid crystal is 
less than 5.6 pm, the deviation of the liquid crystal 
thickness is not changed. 

[0034] 

In consideration of these results, in case of using the 
spacer 5 having a diameter of 5 urn, it is preferable that 
the thickness of the liquid crystal is in the range of 5.2- 
5.6 urn. That is, it is preferable that the maximum diameter 
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of the spacer is smaller by at least 0.2 to 0.6 nm than the 
thickness of the liquid crystal layer held between the 
substrates. That is, it is preferable that the thickness of 
the liquid crystal layer held between the substrates is 
larger by 4-12% than the diameter of the spacer. So, in the 
present embodiment, the spacers 5 having a diameter of 5 um 
were used and the thickness of the liquid crystal layer held 
between the first and second substrates 1 and 4 was 5.2 urn. 
[0035] 

In order to adhere the spacers 5 to the surface of the 
second substrate 4, a method of mixing the spacers 5 with a 
solvent and spraying the mixture on the surface of the 
second substrate 4 in an ambient of 80-90 °C is employed. 
By this method, the solvent evaporates before the spacers 5 
reach the second substrate 4 and only the spacers 5 are 
adhered to the surface of the second substrate 4 in a 
particle state. At this time, the spacers 5 are adhered to 
the surface of the second substrate 4 by electrostatic or 
chemical absorption. As another method for adhering the 
spacers, a dry spraying method may be employed. 

[0036] 

Further, it is preferable that spacer having an 
adhesive film formed at the surface thereof is used as the 
spacers. Thereby, the spacers 5 are surely adhered to the 
second substrate 4 and thus the spacers are prevented from 
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being unevenly distributed due to the liquid crystal flow. 
Accordingly, the uniformity of the thickness of the liquid 
crystal layer of the entire liquid crystal panel is enhanced. 
[0037] 

This effect occurs by fixing the spacers with at least 
a strength which can endure the liquid crystal flow, and the 
adhesive film is not necessarily formed at the surface of 
the spacer. For example, by spacers formed by processing a 
bank having a step equal to the diameter of the spacer, the 
above-mentioned effect occurs. 

[0038] 

In the present embodiment, in order to adhere the 
spacers coated with an adhesive to the surface of the second 
substrate 4, a heat treatment was performed at a temperature 
of 150 °C for 30 minutes. After the sealing material is 
formed, the spacers are adhered, and the first and second 
substrates 1 and 4 are adhered to each other, the liquid 
crystal 3 is filled in the cell 6 between the first and 
second substrate 1 and 4, as shown in Fig. 1. 

[0039] 

When filling the liquid crystal, the second substrate 4 
is laid on the first substrate 1 on which the liquid crystal 
3 is provided and a pressure is applied to the second 
substrate 4 in the vacuum state. If the sealing material 2 
is close to the surface of the second substrate 4, the 
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vacuum state is returned to the atmospheric pressure state. 
At this time, since the inside of the cell 6 sealed by the 
sealing material 2 is in the vacuum state and the outside of 
the cell 6 is in the atmospheric pressure state, the second 
substrate 4 is attracted to the first substrate 1 by the 
pressure difference and thus the liquid crystal 3 is 
diffused along the surfaces of the first and second 
substrates 1 and 4. 
[0040] 

In this case, since the liquid crystal 3 is rapidly 
diffused into the inside of the cell when the ambient is 
returned to the atmospheric pressure state, the liquid 
crystal 3 rapidly flows. However, since the spacers having 
the adhesive are used in the present embodiment, the spacers 
are not diffused due to the flow of the liquid crystal 3. 
Accordingly, the spacers can be uniformly distributed. Also, 
since the sealing material 2 is subjected to a large 
pressure due to the pressure difference between the inside 
and the outside of the cell 6 and is not cured, the sealing 
failure may occur. However, since the material having the 
viscosity of 50,000 cp is used as the sealing material 2 in 
the present embodiment, the sealing material is prevented 
from being damaged due to the pressure difference and the 
sealing failure can be remarkably reduced. 

[0041] 
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Fig. 1(c) shows the state that the liquid crystal 3 is 
completely filled in the cell 6 held between the first and 
second substrates 1 and 4. Here, the thickness of the 
liquid crystal becomes a predetermined value d, that is, 5.2 
pin. Actually, the spacers 5 do not uniformly contact with 
the surface of the first substrate 1, although it is not 
shown in detail in Figure. Since the electrode forming 
surfaces of the first and second substrates 1 and 4 have 
alignment layers consisting of resin formed thereon and the 
glass substrate itself is curved, the thickness d of the 
liquid crystal must be greater than the diameter of the 
spacer 5. 

[0042] 

At this time, since the sealing material 2 is not cured, 
the repositioning process is performed in the state that the 
first substrate 1 or the second substrate 4 is deviated. 
This process is performed in the atmospheric pressure state. 
At this time, since the diameter of the spacer 5 is smaller 
by 0.2 jim than the thickness of the liquid crystal layer 
held between the first and second substrates 1 and 4, the 
first and second substrate 1 and 4 are blocked from being 
moved and the repositioning process can be easily and surely 
performed. 
[0043] 

After the repositioning process, as shown in Fig. 1(d), 
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the ultraviolet rays 7 are irradiated onto the sealing 
material 2 by a high-pressure mercury lamp to cure the 
sealing material 2. Next, in Fig. 1(e), a portion located 
at the outside of the sealing material 2 of the second 
substrate 4 is cut and the unnecessary spacers 5 and the 
liquid crystal 3 held between the first and second 
substrates 1 and 4 at the outside of the sealing material 2 
are removed. Accordingly, the liquid crystal display panel 
is simplified. 
[0044] 

As mentioned above, in the present embodiment, by using 
the spacers having adhesives, the spacers can be uniformly 
distributed over the entire panel. Thus, the work which was 
conventionally performed for 1 hour in 10 inch class is 
completed in several minutes. Also, by using the spacers 
having a diameter which is smaller by 0.2 jam than the 
thickness of the liquid crystal layer held between the 
substrates, the substrates can be surely moved in the 
process for repositioning the substrates. Further, since 
the sealing material having the viscosity of at least 50,000 
cp is used as the sealing material, the sealing failure is 
reduced and the yield of the liquid crystal panel can be 
enhanced. 

[0045] 

It is not necessarily easy to prepare the liquid 
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crystal panel so that the above-mentioned condition is 
satisfied. The spacer having the above-mentioned diameter 
is easily available. However, how the liquid crystal is 
precisely supplied by a predetermined amount is an important 
matter of the present invention. The present inventor found 
that an electronic switching front-end needle type is best 
and can be applied. 
[0046] 

Table 3 represents the result of examining the 
precision of various dispensers. 
[0047] 



Table 3 



name 


content 


precision 


Air push-pull type 


An air pressure is 
changed in the state 
that the front end is 
opened . 


±2% or more 


Tube (roller pump) 
type 


Liquid in a tube is 
pressed with a roll 


±2% or more 


Electronic 
switching front-end 
needle type 


Switching is performed 
with a needle valve 
under a constant 
pressure 


±1% or more 



[0048] 



The electronic switching front-end needle type 
dispenser has, for example, the structure shown in Fig. 2(a). 
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In Fig. 2(a), a sharp cap 12 is adhered to the lower end of 
a liquid crystal container 11 for containing the liquid 
crystal 3 and a liquid passing hole 13 is formed in the 
center of the cap 12. Also, a needle 14 which can 
electronically move in a vertical direction is disposed 
above the liquid passing hole 13 of the cap 12 and the lower 
end of the needle 14 closes or opens the upper hole of the 
liquid passing hole 13 by the vertical movement. Further, 
the inside of the liquid container is always held in the 
constant pressure. 
[0049] 

Next, the liquid crystal supplying performance using 
the electronic switching front-end needle type dispenser is 
shown in Figure. For example, Akurajeta (made in Node) was 
used. Also, ZLI-4792 (made in Merck) was used as the liquid 
crystal. The pressure of the inside of the liquid container 
11 is, for example, 4kgf/cm 2 , and the thickness of the 
needle 14 is, for example, 26 G. 

[0050] 

The relationship between the dispense time (opening 
time of the needle valve) and the liquid crystal dropping 
amount and results of simulating the liquid crystal dropping 
amount per a unit time at the dispense time are shown in Fig. 
2. According to the experiment, there is a good linear 
relationship between the dispense time and the liquid 
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crystal dropping amount and the liquid crystal dropping 
amount per a unit time is constant with high precision. 
[0051] 

Next, the result of simulating the precision and the 
reproducibility of the liquid crystal dropping amount 
accompanied by the increment of the shot number of the 
liquid crystal using the electronic switching front-end 
needle type dispenser is shown in Fig. 3. Thereby, if the 
liquid crystal is shot 100 times for two days, the error of 
the dispense amount is in the range of ±1% and the high 
precision and high reproducibility were obtained. Also, the 
shot conditions of the first and second day were equally set. 
[0052] 

Since the electronic switching front-end needle type 
dispenser can be used in the vacuum state, it is suitable 
for the method for dropping the liquid crystal in the vacuum 
state. Also, generally, the liquid crystal drops in the 
atmospheric pressure state. 

{Second embodiment} 

In the present embodiment, in order to prevent the 
sealing material 2 from reacting with the liquid crystal 3 
by the ultraviolet rays 7 to prevent the liquid crystal 3 
from being contaminated, a light shielding film is disposed 
on the lower surface of the second substrate 4 along the 
vicinity of the inside of the sealing material 2. 
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Hereinafter, the detailed description will be made. 
[0053] 

Fig. 4(a) is a plan view of a light shield film 8 
formed on the second substrate 4 and Fig. 4(b) is a cross- 
sectional view thereof. In Fig. 4(a), the light shield film 
8 formed on the rear surface of the transparent second 
substrate 4 is shown. The light shield film 8 is formed on 
the region between the inside of the frame-shaped sealing 
material 2 and the outside of the display region 9, and does 
not overlap with the sealing material 2 and the display 
region 9. The light shield film 8 overlaps with the sealing 
material 2 or is too close to the sealing material 2, a 
portion which is not cured in the sealing material 2 is 
generated. Thus, it is preferable that a gap is formed 
between the light shield film 8 and the sealing material 2. 
Also, the light shield film 8 may formed above the second 
substrate 4. It is more preferable that the light shield 
film 8 is formed below the second substrate 4 in view of the 
light shielding precision. 
[0054] 

In order to increase the display quality, if the light 
shield film 8 is formed by patterning the film composing the 
black matrix (for example, chrome film) formed on the second 
substrate 4, the manufacturing process is not complex. When 
irradiating the ultraviolet rays to cure the sealing 
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material 2, a light shielding mask 10 shown in Fig. 4(b) is 
disposed at the outsides of the first and second substrates 
1 and 4 to prevent the ultraviolet ray from being irradiated 
onto the display region 9. The light shielding region 
formed by the light shield film 8 is defined between the 
display region 9 and the sealing material 2. 
[0055] 

Further, in case that the ultraviolet rays are 
irradiated onto the first substrate 1 to cure the sealing 
material 2, the light shield film may be disposed on the 
first substrate 1. Here, since a wire such as a bus line 
composed of metal such as Al is formed on the first 
substrate 1, it is preferable that the light shield film is 
made of an insulating material. By providing the light 
shield film 8, the amount of the ultraviolet rays irradiated 
to the liquid crystal 3 at the vicinity of the sealing 
material 2 can be remarkably reduced, and thus the reaction 
between the sealing material 2 and the liquid crystal 3 due 
to the ultraviolet ray irradiation is reduced and the 
contamination of the liquid crystal 3 can be reduced. In 
addition, the reaction between the liquid crystal of the 
display region and the sealing material 2 is prevented by 
the external light shielding mask 10 to suppress the liquid 
crystal 3 from being contaminated. 
[0056] 
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As mentioned above, in the present embodiment, since 
the ultraviolet rays can be prevented from being irradiated 
onto the liquid crystal located at the vicinity of the 
sealing material, the contamination of the liquid crystal 
due to the reaction between the sealing material 2 and the 
liquid crystal 3 can be avoid. T-470 Cartion polymerization 
type Nagesechiba (made in Nagase chemteX Corporation; one 
hundred thousand cp) is used as the sealing material and the 
light shielding is performed, and reduction of the electric 
resistance of the liquid crystal is observed by evaluation 
of the voltage holding ratio. The liquid crystal holding 
ratio is hardly reduced. Also, ZLI-4792 (made in Merck) was 
used as the liquid crystal 3 and the ultraviolet ray 
irradiating condition of the sealing material 2 was 5000 
mJ/cm 2 . 

[0057] 

Further, the ultraviolet rays may be irradiated to only 
the frame-shaped sealing material in a beam shape, and, in 
this case, the light shield film is not required. 

(Third Embodiment) 

A method for producing a liquid crystal display panel 
according to a third embodiment of the present invention has 
the same flow as the first embodiment, except that a method 
for forming a sealing material for sealing two substrates is 
different from that of the first embodiment. 
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[0058] 

Fig. 5(a) is a plan view of a liquid crystal display 
panel in the state that the liquid crystal is sealed and Fig. 
5(b) is a cross-sectional view thereof. In Fig. 5(a), a 
sealing material 2b is formed on the outside of the sealing 
material 2a in the panel and a liquid crystal 3 is sealed in 
the inside of the sealing material 2a. The space between 
the sealing materials 2a and 2b is in the vacuum state and 
the outside of the sealing material 2b is in the atmospheric 
pressure state. In order to form the double sealing 
materials 2a and 2b, the sealing materials 2a and 2b are 
adhered to the first substrate 1 before overlapping the 
first and second substrates 1 and 4 with each other. Also, 
if the first and second substrates 1 and 4 overlap with each 
other and are adhered to each other and the ambient is in 
the atmospheric pressure state, the first and second 
substrates 1 and 4 are attracted to each other and thus the 
liquid crystal 3 is filled in the inside of the sealing 
material 2a. At this time, the outside of the sealing 
material 2b is in the atmospheric pressure state, but the 
space between the sealing materials 2a and 2b is in the 
vacuum state. 
[0059] 

When the liquid crystal 3 is sealed between the 
substrates in the atmospheric pressure state, the inside of 
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the sealing material 2a is held in the vacuum state until 
the liquid crystal 3 is completely filled in the inside of 
the sealing material 2a. However, by disposing the double 
sealing material, the outside of the sealing material 2a can 
be held in the vacuum state. Accordingly, the rapid 
pressure difference between the inside and the outside of 
the sealing material 2a can be prevented and thus the 
sealing failure of the sealing material 2a can be avoided. 
[0060] 

Furthermore, after the sealing of the liquid crystal 3 
is completed and at least sealing material 2a is cured, the 
outside of the sealing material 2a of the second substrate 4 
is cut and removed. Thereby, the material of the sealing 
material 2b is not limited and can use various materials. 
By disposing the double sealing materials, the sealing 
failure can be reduced and thus the yield of the liquid 
crystal panel can be enhanced. 
[0061] 
[Advantages] 

As described above, the present invention provides the 
liquid crystal display panel formed by forming a frame- 
shaped sealing material on one substrate having the 
transparent electrode, dropping the liquid crystal in the 
sealing material, overlapping the substrate with the other 
substrate having the spacers in the vacuum state, filling 
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the liquid crystal between the substrate by returning the 
ambient to the atmospheric pressure state, and curing the 
sealing material, and the method for the liquid crystal 
display panel. By using the spacer of which the diameter is 
smaller than 0.2 \xm than the thickness of the liquid crystal 
layer held between the substrates, the thickness of the 
liquid crystal layer held between the substrates is uniform 
and the substrates can be surely moved when performing the 
repositioning process . 
[0062] 

By using the spacers having adhesive as the spacer, the 
spacers are prevented from being unevenly distributed by the 
flow of the liquid crystal. Thereby, the uniformity of the 
thickness of the liquid crystal layer held between the 
substrates is enhanced over the entire panel. Also, by 
using the sealing material having the viscosity of at least 
50,000 cp, the sealing material can endure an external force 
and thus the sealing failure can be reduced. Further, by 
providing the double sealing material frame, the pressure 
difference between the inside and the outside of the frame 
for sealing the liquid crystal can be reduced and thus the 
sealing failure can be reduced. Thereby, the yield of the 
liquid crystal display panel can be enhanced. 
[0063] 

Moreover, when irradiating the ultraviolet rays onto 
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the ultraviolet-ray curing type sealing material, the liquid 
crystal can be prevented from being contaminated by the 
reaction between the liquid crystal and the sealing material 
due to the ultraviolet rays, because the light shield film 
is provided at the vicinity of the sealing material. Thus, 
the display performance of the liquid crystal display panel 
can be enhanced. In the present invention, since the liquid 
crystal material drops using the dispenser which is switched 
by the needle, the dropping amount can be precisely 
equalized and the reproducibility can be enhanced. 
[Brief Description of the Drawings] 
[Fig. 1] 

Figs. 1(a) to 1(e) are cross-sectional views 
schematically illustrating a method for producing a liquid 
crystal display panel according to an embodiment of the 
present invention. 
[Fig. 2] 

Fig. 2(a) is a cross-sectional view schematically 
illustrating an electronic switching front-end needle type 
liquid crystal dispenser, and Fig. 2(b) is a graph 
illustrating the relationship between a dispense time and 
the dispense amount and the change of the dispense amount 
per a unit time over the dispense time. 
[Fig. 3] 

Fig. 3 is a graph illustrating the relationship between 
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the shot number and the dispense amount of the electronic 
switching front-end needle type liquid crystal dispenser. 
[Fig. 4] 

Fig. 4 illustrates one process of the method for 
producing the liquid crystal display . panel shown in Fig. 1, 
wherein Fig. 4(a) is a plan view thereof and Fig. 4(b) is a 
cross-sectional view thereof. 
[Fig. 5] 

Fig. 5 illustrates one process of a method for 
producing a liquid crystal display panel according to a 
second embodiment of the present invention, wherein Fig. 
5(a) is a plan view thereof and Fig. 5(b) is a cross- 
sectional view thereof. 
[Fig. 6] 

Fig. 6 schematically illustrates a method of producing 
a liquid crystal display panel, wherein Figs. 6(a) to 6(c) 
are perspective views illustrating processes, respectively. 
[Fig. 7] 

Fig. 7 is a plan view illustrating a sealing failure of 
a sealing material generated by a conventional method of 
producing a liquid crystal display panel. 
[Fig. 8] 

Fig. 8 is a graph illustrating the change of a voltage 
holding ratio of a liquid crystal at different locations in 
the panel in the conventional method of producing a liquid 
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crystal display panel. 
[Reference Numerals] 

1, 4, 21, 24: substrate 

2, 2a, 2b, 22: sealing material 

3, 23: liquid crystal 
5: spacer 

6: cell 

7: ultraviolet rays 

8: light shielding film 

9: display region 

10: light shielding member 

12: cap 

13: liquid passing hole 
14: needle 
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20.000 



8 0 



50, DOO I 100. 0D0 



2 



I 0 



[o o 2 9] m lit, *>-;i*o*S«fci#±^A*fco 

;i/»ottStf 20, o o o c p wto 1 1 
tf«»ra<, f-otta^s o, ooocpfiiiws/ 

LTIMW 5 0. 0 0 0 c pfiUbO#»*ffiffl-rs C 

[0 03 0] (X^— WCO^T) MZKDSfi 4 ffljOlE 
fall PFB*) <D±fc«4X^— 9-5A^-fc|Hfi % tf» 



Stt, £-Rtf£~OSffi 1 , 4 2 "eg* L 

20 <fc5tc?*A6£tl& 0 X^—9-5<DStt, '<k<DTM 

T*ff *?nSS— 2&tfffi— cofflE 1 > 4 <OB fiffl^fc-G:© 

[0 0 3 1] 
»2] 
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5.2 
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~ife~ 
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BAB*? ((in) 


±0L1 


±0.1 


±0.1 


±0-1 


±0.1 
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[0032] g 2 mm<oitL&mt7,^-vmt<D 

tts B&fr5/im (¥/l|=fi4» OX^5 6ffll\ 
fro, S-&tf£~©2ffiu 4 0RMId[)*S«Aft 

[0 0 3 3] »2fr6W6frftJ:dt % SfiO»«i*cBi 
bT«jftfifffr5.. OfimWTOtt. oS5X^-* 

Th^fzo CtlCJtU »ffiff?fr5. 2 /imtt±t?tt 
^Cfcfrfcfrofc. 

[0 0 3 4] CtiSfc^iST**:. ittfSfimO^ 



— 9-*ffiffl1-««^fctt«ftJP$*5. 2-5. 6/xm 

fc-rsofr»su\ x^-*©ftfc©^a*B 

fiPJOiSfiliOJP^J:?) 0. 2 — 0. 6 p m/Jv£ < 

X^— *<DWl<D4~} 2%aft**^Cfctfjff*L 
V\, *CT»3Hjftftrt?tt^ X^— 9"5*ittS5 fim<0 
U *-fitfSro»s 1 , 4 <DBO«fi» 
£5. 2 /imtb/co 
40 [0 0 3 5] X^5%S-OSfi4(OS 

fcS-^T 8 0-90 TCO»Bjl[*T-«rO«g4 €>3!ffi 

5 frSrofflE 4 icfiJit SttfcttHOSR U 
mr^SS 4 <Dg|®fctex^-^ 5 «tf 

[0 0 3 6] $feX^<— 9-£LT&, Mx.tfSffit»* 
50 *JOl^frJgj«StifeX^-**ttffl-rSi:fcfrjfSL 
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[0037] c<o&*> Kifom*. x^-ybw&omi 
[oo3 8] **tt«Ttt. sat»jfc*a$tifex^-" 

ftlc. aa£OX^-*Oftr»jffllte l 5 0°CT3 0#(D 
8asas«rJSLfc 0 C <D <fc ? fc i/-)\s&?tBf8, U X^- 
**f*»U OSffi K 4«g9£tH*fc 

&fc, 0 l (b) fcaVf J;3ic, S-StfS-OSfi 1 s 
4 (OmcO^ZJl 6 Kj&S 3 ^iKlT £ G 

[0039] *tis<oa 
S* 1 o±^^r:oSffi 4 zmitTWZ^ is-m 2 

wanuoas 4 <om tmm L,ittzz-e s seat** 
[0040] m®<D%m$L**Mmcm?m 

ttWeti 2 LTttS^ 5 0, 00 0 cpOS 

[oo4i] »-atf»r<D«E 1 , 4 OHO^ y 7 



< 6 > W8-1 06101 
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©*SJB«IIJfcttffllBHOE|SoiR»lf*^$tiTt^ 
^» 3 FaTttft<H|n|^*0. «6*u*7XSfig#fc: 
iSHJPdteX^— FSOflftlJiOfc 

*#4<I*:4S 0 

[0 0 4 2] C(D«FjST'tt, ->-;14f2tt«ftLT^4 

io 5. cott, x^-*50ffiwa-at«lt:©«R 

1> 4 0PJO»||«0JiSJ;$fco. 2jim/h«^fc 
^ S-RtfS-<DS«K 4cOfflScD^lj^ft>n 

JO 0 4 3] Sffllldfem H 1 (d) 

«Ezkffl*Tfc J: 0 Sttt» 7* *>-;l/*f 2 (CRM LTSSft 

a*. s-RrfS-©a« i , 4 <rs 0 aicb i 

(e) T«\ Si:0Sfi4(DS/-;l/»7ck9t>Mij08P» 
20 K 4<0H€PRB4X^— 9-5, M«3i:i:fefc|lfe*r 
4£o 

[0 0 4 4] fct±<DJ;5fc N *a«tli, MfflttS 

-tv^^x? i mM&L±frfrotcttMbmftv%7'r 

30 ;|/#fc LT. ttfitf 5 0, 0 0 0 c p JK±<DS/— ;!/ 

[0 0 4 5] «LtOJ:34*tt*«ftt-J:3K:, 
*;i/*mst- §c tttiB-f bfesa-ettftv^ x^-*9- 

[0 0 4 6] S3 fi % Sa-r^X^y^fcOV^T^S^ 

[0 0 4 7] 
H3] 
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[oo4 8] mmmmMi-~ k^^tV 

2(a) fclfc^T, «S3*iR3tt-r«}6aiRtt8§"l lOT 

2 0+*Uiii t «?U 36<io»j««hT^* 0 
2<DJI®?Ll 3©±fctt, ««ST*± 
Tfc^iftpjfig^:-- K;l/ 1 4 sWEHan, ><D±T1!)U: 
«fc ^> K/b 1 4 OT«WBK?L l 3 <0±S5?L£EB U 

fcon^fco-r*j:5fc«i*«nT^*. Kan* 

Srt§§l lOrt»ttl!tt-JBEAi:ft*J:5fc:|I»stiT 

-4 7 9 2 (*;l/*8D *fl§^fc 0 fogiRfflgg 1 1 Oft 
[0 0 5 0] r^X^VX^ Y)\s>W7<Dfm 

2(b) (c^-fo cosi»fcj;ntf, T^c^y^mmt 

[0051] 3Wc, K^5S©7 f -fX^ 
»fifcSStt*HitLfefcC5, ^3£arf£5£il£ll 

i%^T*feo> nmmmmztitco 

1 H S 2 0 BOS/ 3 >y h O&fMiH DfcRS Lfc c 
[0 0 5 2] IBifflJtffl--K;l/S<Of^^^ 

(Sg2H«) *Jfflg«wi, *JM97tJ:S>'-;l/4t 

[ 0 0 5 3 3 H 4 (a) tt, ^-cogK 4 IcfgfigsnfciB 
JKSR8 0¥afH, 04(b) li*-flDRffiB*efcS 0 0 4 
(a) THi, aW&«r(OSIE4«:3ibT^O»«afcJgdS 



fflt®fiR*n, S/-/14J 2 43 J:tfXa*flM 9 (cttMS: 6 

2 fcMftofeOifBiSftitf, 5'-;U#2«c«{t«tifc^ 
(MhWflfcMOT. »ai8fc->--Mr2i:oBitetti3 

[0 0 5 4] SS3fe«8tt, ^n a qSt£B&£fc&fc!g- 

20 S««^ftKM^«EUrr«IRCe:(d:. S-RtfSro 
Sffil. 4<D^ffifcH4(b) <*>•*: 3 48ftvx* i o£ 

«k 3 9 t z/-)Vtt 2 <D® |««« £ <D 

[0 0 5 5] »J«a*^-(DSfi 1 <Dffllfr SBSftf 

LTS/-;V»7^«ft^^:S«^i, 5fi«R*^-0» 

*ifoE«^Ai4H<D^jS"e}gjs*nrfe?). -^ofc^ 

30 ^tc, ffi3l®8£S#£Cfcfc:J;oT, 5/-;l/«- 2 ifitt 

o»a 3 izm&zft&mwmm%*mic'p < c t# 

T*^5cDT% ^m^ifte: < fc^e/-;l/#2^^ B s H 3 fcO 
SJ6«:fiML. ^B B H 7co^^46T^<1-5c:i:^T* 

[0 0 5 6] tt±OJ;3fc, *^»JT'(4, S/-;l/#ifi 

40 fcJB»4 0E*SfcA*«ft0SSft*©a , e*« g s/-;b 

#i:LTT-4 7 0 (*^*y«^H, 1 
07Jcp) *fflt\ ±HSLfcJ:a«7 , dLT^ e e H m^lc 

T> ZLI-4792 C^;U*H) *>-;|/*J 2 

OKW«<DBa»*ft(i 5 0 0 0 m ]/ cm 2 tLtc Q 

[0 0 5 7] ft*, SlSn*9*lf~A«fc:LT»«OS/-" 
/U*f2<D**c!HltLTtJ:<. CKDS^ti, Jl^i^ 
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[0 0 5 8] B5 (a), (b) »Ji#itA£ftfcttflSfc 
S^^ 0 B 0 ^/^^;KO¥®iaRt;©T®l^T^^ o 0 5 
(a) tc&i^T, ^;Wo->-;W2 a©JHHc->-;l/ 

3tfSA£trtV£ 0 a fc 2 bOPaoSHtt 

54 2®D->-;l/*t2 a £2 bfc^^fcftlctt, £ 

-Rtf^xosfi i , 4 KS*t«-o 

ifinc>-W2a, 2 b ^LT. % 

^nT^ a a a 3^i/-;W2aC7)p , 3gl3tC^«^n^o £<D 

2 a tz/-)ltt 2 b fc<DBS£K£©£$T*fc5o 
[0 0 5 9] ■BO*H***»EfcLT«a3*»lfi 
KtaA-rSIRs $^3^>-M2 aOrtffllt^t 
3fE«^n«*T*ttS/-;l/#2 aOrtffl!lti«(iK3ST-* 
& 0 UrU £ <D£ -5 fc 5/— £ 2 MfciStf- £ c £ 

[0 0 6 0] M3WA^7b'M<i:fe^ 

nct^T't^o c<0£5fci, ^-;U*t©#fc 2 fit 
Rtt £ c £ fc <fc ^ T. £J±^&£(£MT^$ B B B / <*;!/© 

[0 0 6 1] 

TKSsb^SfinottMOflCS cfc 0 fc'X fe 0 . 2 /x 
m^l^<D*ffiffl-r5CfctC<fcDs SeiOi£ B B B JI<D 

[0 0 6 2] X^-U-fcLTftjraWtOX^- 

tit J: 0, /^>;b^»c^^SM^co® 0 H Q ll^P^fD^ 

-tttflSLtf 5o Sfc, i: LTttg^S 0 0 0 

0 c pW±Ot<D^ffiffl*r§CttJ;0, ->-W» 



8) »B8¥8-1 06 1 0 1 
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* 0 i/-m<DVi*2mmtfz>ct\z&'o 
[0063] */-mt\sT^mm\m<Dttn 

HUc J; 0 Kit ^-^ttA^EJS LTS i:Sffl B B B <0J5»«: 
io fcSSfkS-escfctf-etSo *^T^fS 0 H B ^(O?g 

[0S<DB«£l«f!B] 

[0 1 ] 0 1 (a) -(e) tt, 1 O^JfiWtcft 

[0 2 ] 0 2 (a) tt#5SB©gs 1 XttflltffiS-r 
BSBlftiS-- K;U^® b b b tV X^>ito«B*^T»r 
20 ffiH. H2 (b) tt-r^X^VX^Pafc-r-fX^yxao 

[a 3 ] 0 3 mmmmfeffi--- F^sosftf^ x 

a«r»«fcSL, II 4 (a) fcfc¥ffi0. 04 (b) liftDBB 

30 [8 5] *§m<Dm 2 

HiS#£<D--Xg£^U 0 5(a) te¥®0, 0 5(b) 

[0 6] «a^A*7l/OSH5e»j£«:tttt«t^L, 0 

6 (a) -(c) (i^tl^tlftXe^-r»SHT**«o 
[07] ^0^ B B B ^U;bcD^ji^fttci:»)^i;/c 

[08] ti£«OjSft«3V^;I/0«Jfi]5ffitl5V^T, ^ 
^;l/rtcoS^^{RMo^ B B B o^Effi^o^fl:^^ 

40 CW^OKW] 

U 4 , 2 K 2 4 Sffi 

2, 2 a. 2b. 2 2 i/—j\M 

3. 2 3 ?S B B B 
5 X^-^t 

6 

7 M»M 

8 aew 

9 ^^Sl^ 

i o mytmi 

50 l l KJUKMH 
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